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TIE sampl ing p l n n  ap;) l i  e d  t o  ti12 n o r  ther l l  ar~chovy , E77,4?30~7_{~l I~ IoY~c?~~: : ,  
r e d u c t i o n  f i s h e r y  w t c h  was r e v i e w ~ d  t o  dcterri i inc t h e  e f f e c t s  on age 
co~~po: ; i t ioxi  e s t i m a t e s  which woulcl be caused by d z c r e 2 s j n g  t h e  sz?r+>ie 
s i z e  p e r  s t r a t u m  of  c a t c h .  Ahe c o ~ ~ p o s l t i e n  e s t i x i a t e s  f o r  samples  s f  
5 ,  1 0 ,  and 1 5  pel- strzturri  were c o n p u t e r  c a l c u l a t e d  u s i n g  the saicyl-ing p l a n  
progrcm ..and t.hcn co3pared w i t h  t h e  estilnates f o r  t h e  standard sel:yle of  
30 from t h e  same s t r a t a .  As t h e  sample s i z e  d e c r e a s e d  the var i -ancas  of 
the age  conipositirjn s t a t i s t i c s  g r e a t l y  it-!creased. 
E r r o r s  were d e t e c t e d  in tlie. conl iuter  prograr i  and tile s a r i a n c c  
equaLion and have been c o r r e c t e d .  
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INTRODUCTION 
The n o r t h e r n  anchovy,  Encr tuZis mordm, f i s h e r y  o f  s o u t h e r n  
C a l i f o r n i a  i s  m o n i t o r e d  b y  t h e  : l a r i n e  R e s o t r c c s  Region  as p a r t  o f  
t h e  management program f o r  t h e  f i s h e r y .  X o n i t o r i n g  a c t i v i t i e s  
i n c l u d e  : c o l l c c t i  on o f  f i s h i n g  l o g s  and i n t e r v i e w s ,  l a n d i n g  r e c o r d s  
t i c k e t s " ) ,  a n d  f i s h  sar . ipl ing.  'I'lie fLs t ie ry  c o n s i s t s  o f  a  b a i t  
f i s h e r y  and a much g r e a t e r  r e d u c t i o n  f i s h e r y .  The l a t t e r  f i s h e r y  h a s  
a n o r t h e r n  and s o u t h e r n  perrnirr a r e a .  About 90X o f  t h e  r e d u c t i o n  
f i s h e r y  i.s i n  t h e  s o ~ l t l l e r n  p e r m i t  a r e a  and  i s  b a s e d  st San P e d r o .  
Sampli.ng p l a n s  a r e  a p p l - i e d  t o  a l l  p a r t s  o f  t h e  f i s h e r ; r ,  b u t  t h e  
o b j e c t  of  t h i s  r e v i e w  i s  t h e  p r e s e n t  sa1; ipl i~lg p l a n  f o r  t h e  San P e d r o  
b a s e d  f i s h e r y .  
M o n i t o r i n g  c o s t s  f o r  t h e  i i s l l e r y  a r e  i n c r e a s i n ~ ;  more r a p i d l y  t l ian 
t h e  c a t c h  i s  i n c r e c ? s i n g .  I f  t l l e  f i s h e r y  i s  i n c r e a s e d  t h e s e  c o s t s  1 : r i l l  
r ise  more r a p i d l y .  Ris i .ng  c o s t s  h a v e  c a u s e d  concerr t  as t o  how t h e  
m o n i t o r i n g  e f f o r t  (and  c o s t s )  c o u l d  be r e d u c e d  w h i l e  n a i n t a i n i n g  
adrquat:e  managciilent c o n t r o l .  The szrnp1in.g p l an  u n d e r  r e v i e w  u t i l i . z c s  
most  o f  t h e  p e r s o n n e l  r e q u i r e d  by t h e  monitori .ne,  p r o c e s s  t o  o b t a i n  
aiid p r o c e s s  fish s a m p l e s .  C o s t  conce rn  I.ed t o  rev ier \ r ing  ti:e s a n : p l i g g  
p l a n  t o  .de termir le  the! p r o b a b i e  e f f e c t  of r e d u c i n g  the  niiml,er o f  sanipl-es 
r e q u i  r e d  p e r  stratrui!:. 
Sampl ing  o f  t h e  nrlchovy r e d u c t i o n  f i s h e r y  c a t c h  began t:i t h  t i le  
1955-66 s e a s o n .  The f i r s t  ssa~npling p l z n  c o n s i s t e d  of 59 f i s h ,  
randomly s e l e c t e d  and t h e n  measu red .  P e i g h t s ,  s e x e s ,  s t a t e s  o f  
f ema le  m a t u r i t y ,  and s c a l e s  and o t o l i  rrii 3 f o r  age  d ~  t e r r i i rLo  t i c n  were  
o b t a i n e d  f rom a  subsample  o f  10 f i s h  ( X l s s z r s r a i t h  1 9 5 9 ) .  
I n  t h e  1966-67 s e a s o n , t h e  sampl ing p l a n  w a s  changed t o  20 
random samples from each  5000 s h o r t  t o n s  of f i s h  l anded .  Samples 
were s e l e c t e d  u s i n g  a  t a b l e  of random numbers. A sample c o n s i s t e d  of 
two 500g ( 1 . 1  lbJ g r a b s  drawn e a c h  t ime  a b o a t  was sampled.  Boa t s  
were s e l e c t e d  randomly and w i t h  rep lacement  ( C o l l i n s  1969) .  
I n  t h e  1968-69 s e a s o n ,  t h e  p r e s e n t  sampl ing  p l a n  was adop ted .  
The o b j e c t  of t h i s  review was t o  s t u d y  t h e  e f f e c t  on t h e  s t r a t u m  age  
composi t ion e s t i m a t e s  caused by reduc ing  t h e  nunber  o f  samples  from 
t h e  p r e s e n t  30 p e r  s t r a t u m .  
PRESENT SANPLING PLAN 
A D e s c r i p t i o n  
The anchovy sampling p l a n  i s  a  s t r a t i f i e d  random sampling p l a n .  
A s t r a t u m  c o n s i s t s  of 5000 s h o r t  t o n s  of anchovies .  The p r imary  
sampling u n i t  i s  a  b o a t l o a d  o f  anchovies .  Boa t loads  a r e  s e l e c t e d  a t  
random, w i t h  p r o b a b i l i t y  p r o p o r t i o n a l  t o  e x p e c t e d  s i z e  arid w i t h  re- 
placement .  A 500g ( 1 . 1  lb.) c l u s t e r  of f i s h  i s  t h e  secondary sampling 
u n i t  and one c l u s t e r  is s e l e c t e d  each  t ime a  b o a t l o a d  i s  s e l e c t e d .  
Each c l u s t e r  i s  s e l e c t e d  a t .  rzndon and w i t h o u t  rep lacement .  Only 
250g (0 .55  ib3  o f  t h e  o r i g i n a l  c l u s t e r  is  p r o c e s s e d  a s  a  sample .  
A s t r a t u m  accumulates  u n t i l  approx imate ly  5000 t o n s  i s  r e a c h e d ,  
then  t h e  n e x t  s t r a t u m  i s  s t a r t e d .  Sampling must b e  performed a s  a  
s t r a t u m  i s  accumula t ing .  A b o a t l o a d  i s  sampled d u r i n g  t h e  u n l o a d i n g  
p rocedure .  Each b o a t l o a d  i s  p r o c e s s e d  i n t o  f i s h m e a l  soon a f t e r  un- 
l o a d i n g .  S t r a t a  accumulate  a t  an i r r e g u l a r  r a t e  and weigh approx i -  
mately  5000 t o n s ,  e x c e p t  f o r  t h e  l a s t  s t r a t u m  of t h e  s e a s o n  which can 
weigh between z e r o  and 5000 t o n s .  
The p r e s e n t  sampl ing r a t e  o r  l e v e l  i s  30 samples  p e r  s t r a t u m .  T o  
s e l e c t  t h e  s t r a t u m  s a m p l e s ,  30 numbers be tween 0 and 5000 a r e  chosen  
f rom a t a b l e  o f  random n u n b e r s .  These  30 nuriibers d e s i g n a t e  t h e  t o n  
and t h u s  t h e  b o a t l o a d s  t o  b e  sampled .  Ey t h i s  method a  b o a t l o a d  c a n  
b e  s e l e c t e d  rrore t h a n  o n c e ,  which  i s  s a x p l i n g  w i t h  rep lacer r ien t .  For  
e a c h  t i v e  a b o a t l o a d  j.s s e l e c t e d ,  a sample  i s  t a k e n  f rom t h a t  b o a t l o a d .  
The b o a t l o z d  js t h e n  d i v i d e d  i n t o  s i x t h s  and  one  of  t h e  s i x t h s  s e l e c t e d  
a t  randoin f o r  e a c h  o f  t h e  b o a t l o a d  sa:iLples t o  b e  drawn.  From e a c h  
s i x t h  of  a  b o a t l o a d  t o  b e  sampled ,  a  s zmple  c l u s t e r  o f  a p p r o x i n e t e l y  
500g (1.1 lb.) i s  drawn.  C l u s t e r s  a r e  p j c k e d  d u r i n g  u n l o a d i ~ l g  znd a 
b o a t l o a d  c a n n o t  b e  r e s a m ~ l e d  a s  t h e  b o a t l o a d  i s  r a p i d l y  p r o c e s s e d  
i n t o  f i s h m e a l  as It i s  u n l o a d e d .  C l u s t e r s  are t h u s  s e l e c t e d  w i t h o u ~  
repl.aceir.ent.  
Tiie c l u s t e r  o r  g r a b  sample  o f  500g ( 1 . 1  1.h) i s  d i v i d e d  i n t o  two 
p a r t s  o f  2 5 0 ~  ( 0 , 5 5  lbJ  .'r -. E. ( e r r o r )  e a c h .  One of  t h e  tv:o p a r t s  becones  
t h e  sa.mple. t o  b e  p r o c e s s e d ,  t h c  ot?:er  p a r t  j.s d i s c a r d e d .  I n  t.he 
s t a t i s t i c a l  c a l c u l a t j o n s ,  e a c h  sz iop lc  p r o c e s c e d  i s  a d j u s t e d  ts i t s  
equ ivc : l en t  2508 ( 0 . 5 5  l b 3  ~ : ~ i ~ , l l t .  
The s a m p l i n g  p r o c e s s  i s  r e p e a t e d  u i l t l l  s l l  30 sarnples  h a v e  been 
drawn f rom t h e  s t r a t u m .  Thc saine procccluxe i s  r e p e a t e d  f o r  t h e  n c x t  
1t -is n e c e s s a r y  t o  d e t e r : : ~ i n e  vllicll b o a r l o a d s  ccnc.ain t h e  randomly 
s e l e c t e d  t o n n a g e  v a 1 . u ~ ~  f o r  t h e  s t r a t u m  s a n ~ p l c s .  A c u n u l a t i v c  t o t a l  
of  t o n s  l a n d e d  i s  k e p t  f o r  e a c h  s t r a t u r n .  Thc w e i g h t  o f  t h e  c a t c h  
i s  e s t i m a t e d  by t h e  s l c ippe r  s n d  r a d i o e d  t o  s ; iore b e f o r e  a r r i v i n g  2.t 
t h e  unl .oading clock i n  o r d e r  t o  s c h e d u l e  u n l o a d i n g .  The salTLpler 
o b t a i n s  t h e s e  c s t i i ~ ~ a t e s  and r e c o r d s  e s t i m t e s  and  c u m u l a t i v e  t o t a l s .  
I J s ing  t h e  random n~z i lbe r s  s e l e c t e d  f u r  t h e  s t r a t w n ,  t h e  s z c p l e r  
s e l . e c t s  bcc? t loads  f rom 1;.16::h t o  dra1.7 the sar;pl .es .  I n  c a l c u l . a t i n p  
s t r a t u m  s t a t i s t i c s ,  c o r r e c t i o n s  a r e  made t o  compensate f o r  any 
d i f f e r e n c e  between t h e  e s t i m a t e d  and a c t u a l  we igh t  of each b o a t l o a d .  
Data  L i s t  
The sampling r e c o r d  s h e e t  f o r  each sample s e l e c t e d  c o n t a i n s  t h e  
f o l l o w i n g  d a t a :  
1. These c h a r a c t e r i s t i c s  a r e  r e c o r d e d  f o r  each f i s h  i n  a  sample.  
i. l e n g t h  
ti. weigh t  
iii. Sex 
iv .  m a t u r i t y  c l a s s  
v.  age 
v i .  o t o l i t h  code 
v i i .  y e a r  c l a s s  
v i i i .  c o n d i t i o n  code 
2 .  The f o l l o w i n g  d a t a  i s  recorded  f o r  e a c h  sample.  
i. a c t u a l  sample we igh t  
ii. a c t u a l  d i s c a r d  weigh t  
iii. number of f i s h  i n  t h e  sample 
i v .  e s t i m a t e d  c a t c h  : b o a t l o a d  t o n s  
v. a c t u a l  c a t c h :  b o a t l o a d  t o n s  
v i .  s e t s :  number of n e t  s e t s  r e q u i r e d  f o r  t h e  c a t c h  
v i i .  l o g  number: page of t h e  b o a t  logbook where t h e  c a t c h  
d a t a  i s  r e c o r d e d  
v i i i .  b l o c k  n w b e r :  Department of Fish and Game numbered 
s e a  a r e a  where t h e  c a t c h  was made 
ix. random t o n  number: random number g e n e r a t e d  t o  s e l e c t  
t h e  b o a t  t o  b e  sampled 
x .  sample number p e r  s t r a t u m :  i d e n t i f i c a t i o n  number 
x i .  t o t a l  c a t c h :  a c t u a l  c a t c h  i n  pounds 
x i i .  b o a t  nunber  : b o a t  r e g i s t r a t i o n  number 
x i i i .  b o a t  sequence :  I - t h  b o a t  i n  t h e  sarnpl-i ng scrlucnce. 
< 
i = 1,2,.. . ., - 30 ,  because  a b o a t  cail b c  sari;lcd more 
than once  
r i v .  c l u s t e r  number: t i le  one- - s ix th  p o r t i o n  o f  a b o a t l o a d  
f rom which t h e  sample  ~ 2 s  drat;.n 
xv. mecsurcd b y :  s i g n a t u r e  o i  ti12 p e r s o a  p e r f  ormjng measureTents  
xvi. recorded  by: s i g n a t u r e  of the  p e r s o n  r e c o r d f a g  t h e  d a i a  
R1;DUCED S;!I.TLIPjG EFFECTS 
The Problein 
The sa~np l inp ,  p l a n  was ~:evi.ewed t o  dctcrrriint? t h e  e f f e c t s  o f  r e d u c i n g  
t h e  nu~;:ber oT snmp1.e~ p e r  s t r a t u n ~  upcn tl:e e s t i r i ~ a t c s  and t h e i r  vnrin~:ces.  
The nuiuber of samples  p;lr strnt:urn i s  a l s o  Itr;o~?n a s  t h e  s a ~ ~ p l i n g  lcvi-1 
o r  snmpli.ng r a t e .  There are  38 sam;>l.es p e r  s t r a t u m  a t  t h e  p r e s e n t .  
r 1 rrle maximum c a t c h  is 1.00,OCO ioz:s o r  2C' s t r n t a  and r e q u i r e s  600 
s a n p l e s .  An i - n c r e a s e  i.n t h o  m z x i m u m  c a t c h  p e r  s e a s c n  x:llic:h 1~0~:l .d ::esuLt 
i n  'more sai71pl.c~ b e i n g  p r o c e s s e d  and i .nc reased  clepartn.r:ntal c o s t s  i s  
under c o n s i d e r a t i o n .  
The sar!lplf ng l e v e l  can b e  reclucecl 12; d e c r e a s i n g  t h e  nui;;f;cr of  
samples  p e r  s t r a t u i n ,  by  i n c r e a s i n g  s t r a  t u n  s i z e ,  or. hot-1-1. S a ~ p L i n g  
c o s t s  can s l s o  bs d e c r e a s e d  b y  reduci.ng ;ample c l u s t e r  ~ r e l g i l t  r.ir 
number of  c ! ~ a r a c t c r i s t i c s  m e n s u r e d  pcr  sa-nple .  Computer  pro;;r:.ns 
used t o  p r o c e s s  sampl ing data a r a  c a p a b l e  off h a n d l i n g  any sarnpling 
].eve1 w i t h  no a l t e r a t i o n s .  
The Method 
The i n i t i a l  f o u r  s t r a t a  from t h e  1971-72 anchovy f i s h i n g  s e a s o n  
were s e l e c t e d  f o r  p r o c e s s i n g  and comparison.  Anchoky f i s h e r y  sampl ing 
d a t a  were p rocessed  by computer programs t o  o b t a i n  catch-composi t ion 
s t a t i s t i c s  f o r  each s t r a t u m .  
Samples of 5 ,  1 0 ,  and 1 5  were  s e l e c t e d  from t h e  o r i g i n a l  sample 
of 30 f o r  each s t r a t u m  and t h e n  computer p r o c e s s e d .  E s t i m a t e s  f o r  
t h e  samples of 30 were a l r e a d y  a v a i l a b l e  f o r  comparison.  Samples of 
5 ,  1 0 ,  and 1 5  were s e l e c t e d  a t  e q u a l  i n t e r v a l s  from among t h e  o r i g i n a l  
30 samples .  Two of t h e  age  groups  ("0" and "2") of t h e  seven  p o s s i b l e  
age  groups  were  s e l e c t e d  f o r  a n a l y t i c a l  use .  The "0" a g e  group h a s  ' 
f e v e r  f i s h  than  most of t h e  o t h e r  age  groups  w h i l e  t h e  "2" age  group 
h a s  t h e  second l a r g e s t  number o f  f i s h .  
The R e s u l t s  
The computer o u t p u t  c o n s i s t s  of age  compos i t ion  e s t i m a t e s  and 
s t a n d a r d  e r r o r s  of t h e  e s t i m a t e s  and i s  used t o  a n a l y z e  t h e  e f f e c t s  of 
d e c r e a s i n g  t h e  sample s i z e  p e r  s t r a t u m .  It  was l i m i t e d  t o  t h e  e s t i m a t e s ,  
t h e  number of f i s h  p e r  age  group by s t r a t m  and t h e  e s t i m a t e d  p r o p o r t i o n s  
p e r  age  group p e r  s t r a t u m .  T h i s  l a t t s r  e s t i m a t e  demons t ra ted  t h e  r e -  
l a t i o n s h i p  between age  group and t h e  number of f i s h  pe r  s t r a t u m .  Cal- 
c u l a t e d  s e p a r a t e l y ,  i . e .  manual lv ,  were  t h e  r e l a t i v e  e f f i c i e n c y  of t h e  
v a r i a n c e s  of t h e  s t a n d a r d  samples of 30 and t h e  v a r i a n c e s  of t h e  
s m a l l e r  samples .  These e s t i m a t e s  w i l l  s e r v e  t o  show t h a t  t h e  e f f e c t  
of d e c r e a s i n g  t h e  sample s i z e  i s  t o  i q c r e a s e  t h e  v a r i a b i l i t y  of t h e  
e s t i m a t e ,  which a g r e e s  w i t h  s t a t i s t i c a l  t h e o r y .  
The number of i i s h  p e r  age group "0" r e p r e s e n t s  a s m a l l  p a r t  of 
t h e  c a t c h ,  e s p e c i a l  e a r l y  i n  t h e  s e a s o n ,  w h i l e  t h e  number of a g e  
group "2" f i s h  s t a r t s  a s  a  much l a r g e r  p a r t  of t h e  c a t c h  and d e c r z a s e s  
as t l ~ e  s e a s o n  p r o g r e s s e s .  Tile e s t i m a t e d  p r o p o r t i o n s  f o r  an a g e  group 
a r e  q u i t e  v a r i a b l e  using t h e  d i c f e r e n t  sailiple s i z e s  and t e n d  t o  
become more s t a b l e  a s  t h e  sa i ip le  approache:. 30 (Table 1). E o w e v ~ r ,  
t h e  t r e n d s  o i  an i n c r e a s i n g  pc-cei i tage  o f  age "0" f i s h  and a 
d e c r e a s i n g  p e r c e n t a g e  o f  age  "2" f i s h  a r c  ne t  chzcged by t h e  sank lc 
s i z e s .  
TAELE 1. C s t i n a t e d  Propor-1io:ls P e r  Age Grou? 
Tile nun,l)e~- o f  f i s h  p e r  a g e  group vihen es t ima ted .  as q u a r 1 t i t : i e s  
r a t h e r  thari p r o p o r t i o n s  provl i le  very ].are.. nu!r!bers, b u t  the trencls 
due t o  t!le season ch-?,nf;e a ~ d  the e f f e c t s  of  t.:-.e sa1xpl.e s t z e  dcc reas . ; !~  
a r e  the same a s  f o r  p r o p o r t - i o i ~ s  (7'al,le 2 ) .  
6 TABLE 2 .  Es t imated  Jurnber (x10 ) of F i s h  P e r  Age Group 
S t r a t a  
Sample 
s i z e  I I I 111 I V 
Age Group "0" 
Age Group l f 2 "  
87 .3  47 .9  63.5 
The s t a n d a r d  e r r o r  o f  t h e  e s t i m a t e  i s  t h e  s q u a r e  r o o t  of t h e  
q u a n t i t y ,  t h e  v a r i a n c e  d i v i d e d  by t h e  sarfiple s i z e .  It i s  used i n  
c a l c u l a t i n g  t h e  conf idence  l e v e l s  f o r  t h e  e s t i m a t e  and r e f l e c t s  t h e  
v a r i a b i l i t y  I'.n an e s t i m a t e  due t o  t h e  sar!?ple s i z e  used.  The 
between b o a t l o a d s  v a r i a n c e s  wzre used i n  t h e  s t a n d a r d  e r r o r  e s t i m a t e s  
a s  t h e  s m a l l e r  samples do n o t  have any t r i t h i n  b o a t l o a d s  c o n t r i b u t i o n .  
The p r o b a b i l i t y  t h a t  a  b o a t l o a d  i s  drawn rnore than  once d e c r e a s e s  
t o  z e r o  a s  t h e  sample s i z e  d e c r e a s e s .  The s t a n d a r d  e r r o r  c o n t a i n s  t h e  
- + 
term n and t h e r e f o r e  i s  s e n s i t i . v e  t o  sample s i z e  changes .  The 
e f f e c t s  of i n c r e a s i n g  sample s i z e  and d e c r e a s i n g  t h e  s t a n d a r d  e r r o r  
i s  v e r y  e v i d e n t  (Table  3 ) .  
The r e l a t i v e  e f f i c i e n c y  (Sukhatme 1954)  of t h e  v a r i a n c e s  of t h e  
e s t i m a t e s  f o r  t h e  s t a n d a r d  samples of 30 v e r s u s  t h e  v a r i a n c e s  o f  t h e  
6 TABLE 3.  S t a n d a r d  E r r o r  of t h e  Estir;!ated Number (s10 ) of F i s h  
P e r  Age Group 
S t r a t a  
Sample 
s i z e  I IT 111 I V 
Age Group "0" 
0 7.65 
0 9 . 0 0  
0 7 . 2 9  
0 5.87 
Age Grot1p "2" 
2 6 . 8 1  1 7 . 6 0  
10.56 13.62 
13.49 9 .86  
7 .53 6 .86  
estimates f o r  t l ie  o t h e r  sample s i z e s  were  c a l c u l a t s d .  fol-  tlie e s t i i i a t c l ,  
the  number of f i s h  p e r  age grog?. The r e l a t i v e  e f f i c i e n c y  equa ls  
- 
L1 (l()/VB(X), v!lerc V (X) is t l i i  az r j ;u lcc  f o r  t i e  sample of  33 and A .  A 
V (k) i s  the v a r i a n c e  f s r  each o f  t h e  o t h c r  s;ir:gle s i z e s  i n  t u rn .  n 
There  a re  1-arge d i f f e r e n c e s  betwecil the s t r a t a  a i ~ d  a l s o  betr:::en t h e  
sampies -withi .n sc?n:c of  t h e  s t r a t a  ( T ~ b l c  4 ) .  
The anchovy s a r c p l l n g  p l a n  u s e s  t h r e e  1cej.ghti.ng f a c t o r s  t o  a d j u s t  
each  rar?dorn v a r i e b l e  observed. ?he rando12 v a r i a b l e s  are t11c.i nr?inl~er o f  
arrchovics w i t h  a  g iven c h a r a c t e r i s t i c  i rL a s;~,!ple c l u s t e r  o i  250 g  
(0 .55 1b.). l h c  f i r s t  ~ e j g h t i r - i g  f a c t o r  i s  the r a t i o  of t h e  e s t i n i ~ l t c d  
b o a t l o a d  w e i g h t  t o  t h e  t s t i . ~ s t c d  s t r a tu l ' l  ~ . ~ i : , l l ?  of 5 ,000 toi l?.  The 
TABLE 4. R e l a t i v e  E f f i c i e n c y  of t h e  V a r i a n c e s  of t h e  E s t i m a t e s  f o r  
a l l  n  Versus  n = 30 Variance 
S  ample 
s i z e  
S t r a t a  
I1 111 
Age Group "0" 
0  1 .69 
0  2.69 
0  1 . 5 4  
0  1 . 0 0  
Age Group "2" 
12.67 6.60 
1 .96 3.96 
3.20 2.07 
1.00 1 .00 
second w e i g h t i n g  f a c t o r  i s  t h e  r a t i o  of t h e  a c t u a l  b o a t l o a d  w e i g h t  
t o  t h e  a c t u a l  s t r a t u m  w e i g h t .  These two w e i g h t i n g  f a c t o r s  become a 
s i n g l e  weight  by d i v i d i n g  t h e  a c t u a l  f a c t o r  by t h e  e s t i m a t e d  f a c t o r .  
T h i s  we igh t  w i l l  be  d e s i g n a t e d  by P and i s  a p p l i e d  t o  a l l  samples  i 
from t h e  same b o a t l o a d .  
The t h i r d  w e i g h t i n g  f a c t o r  i s  c a l c u l a t e d  for each  i n d i v i d u a l  
sample and i s  found by d i v i d i n g  250 g  (0.55 l b  ) by t h e  sum of  t h e  
weight  of t h e  i n d i v i d u a l s  i n  t h e  sample.  T h i s  weight  i s  d e s i g n a t e d  
by C i j  where i d e n o t e s  b o a t l o a d  and j de..otes t h e  sample c l u s t e r s  
w i t h i n  a  b o a t l o a d .  
To demons t ra te  t h e  e f f e c t i v e n e s s  of t h e s e  w e i g h t i n g  f a c t o r s  on 
t h e  random v a r i a b l e s ,  s t r a t u r L ~  s t a t i s t i c s  r . o n s i s t i n g  of an e s t i m a t e  
and t h e  s t a z d a r d  e r r o r  o f  t h e  est inate  were  c a l c u l a t e d  u s i n g  v a r i o u s  
combi.nat ions o f  w e i g h t i n g  f a c t o r s  and c a l c u l a t i o n  p r o c e d u r e s .  The 
c h a r a c t e r i s t i c  e s t i m ~ e d  was t h e  number o f  age  class "0" f i s h  p e r  
c l u s t e r  and t h e  e s t i m a t e  w a s  c a l c u l a t e d  f o r  s t r a t u m  I frorn t h e  1971-72 
c a t c h  u s i n g  a s a m p l e  o f  30 c l u s t e r s .  
The f i v e  c a s e s  o f  t h e  w e i g h t e d  random v a r i a b l . 2 ~  aild t h e  ccn lpu t i i~g  
p r o c e d u r e  are:  
1. y : a P o i s s o n  c l i s t r i b u t e c l  r;iindoi:l v a r i a b l e  w i t h  no 
clij 
we i -gh t ing  f a c t o r .  
2 .  . . = C i j  ya i j  : a p a r t i a l l y  w e i g h t e d  P o i s s o n  d i s t r i b u t t 2 d  
a lJ 
randoin v a r i a b l e .  a d j u s t e d  t o  t h e  11unbe.r p e r  250 g (0 .55  1 3 . )  
s ample  c l u s t e r .  
3 .  = Pi . C  . Y  : a f u l l y  weig!lted randoal variab1.e i j  a i j  
b u t  c a l c u l  a t c d  as a s i m p l e  randolri sam?.le. 
4 .  x : w e i g h t e d  as i?: 3,  end o b t a i n e d  f r c m  t h e  cor;,>utcr o u t p u t .  
c l i j  
5. Xaij : w e i g h t e d  a:; i r :  3 ,  calculated u s i n g  t h e  c o r r e c t i o n s  
a c c o r d i n g  t o  S u k h B t r ; ~  (1954) arid Tornli.nsurt (1971) .  
I n  a u a l y z i n g  t h e  we i -gh t lng  e f f e c t s ,  rzndom 7:ari.able 5 i.s t h e  b a s i s  
"1  ' f o r  cdmpar i son .  l l l ls random v a r i a b l e  i s  ~~7ci.ghtecl as t f ~ e  s a n ~ l i n g  p l a n  
r e q u i r e s  and  t h e  e s t i x a t e s  r a l c u l . e t e d  usi.112 t h e  c .orrscte: i  cc~;nput.cr 
program. The v a l u t s  o f  t i le  n:cans o f  t h e  f i v e  v a r i . a b 1 . e ~  d i f f c r  by l e s s  
t h a n  1 . 5 %  w h i l e  t h e  v a l v e s  o f  the st .anda~:d e r r o r s  d i f f e r  by  as n~uch as 
25%. The re la . t i .ve  e f f i c i e n c y  o f  random v a r i a b l e  5 v a r i e s  f rom 114.6% 
t o  156.3%. The w e i g h t i n g s  and c o o ~ p u t e r  c o r r e c t i o n s  p r o v i d e  t h e  b e s t  
measu re  f o r  t h e  rre-an and s t a n d a r d  e r r o r  (Tz2)lc 5 ) .  
C3:~IPL!7'EK PROl;KAA?l 1<E3;T.Eb! 
S t a t i s t i c a l  a n z l y s i s  o f  t h e  anchovy fi.sl-lery s a rn~ l i  R E  d a ~ a  rc.;uires 
f o u r  co:;.,puLer prcg1-a1,?s t o  p r e c e s s  d n t a  a d  c a l c u l  rite c s l  ch  co:r,?ositiou 
TABLE 5 .  Comparison of Weighting Fac to r s  
1371-72 Catch,  Stratum 1 
Age Group "On 
Random S td .  e r r o r  
v a r i a b l e  Me an of mean Comments 
(1) Yoij  0.56667 0.13744 Po i s son ,  no weight ing  
Poisson ,  weighted by 
C only i j  
( 3 )  Xaij = 0.56504 0.12960 Veighted,  t r e a t e d  a s  
s imple random sample 
M i  . L , CijYaij 
- 
M Zi 
Computer ou tput  w i thou t  
c o r r e c t i o n s  
0.56504 0.12104 Computer ou tput  w i t h  
c o r r e c t i o n s  i nco rpo ra t ed  
Mean: Average number cf f i s h  (age "0") p e r  sample ( c l u s t e r )  i n  s t ra tum.  
Y : Number of  f i s h  o f  age "0" i n  s anp le  c l u s t e r  j ,  from boa t load  i. 
a i  j  
C : 250/(sum, weight of i n d i v i d u a l s  i n  sample) ,  f o r  c l u s t e r  j, from i j  boa t load  i. 
Mi: Actual  number of 250 g  (0.55 l b . )  c l u s t e r s  i n  boa t load  i. 
M: Actual  nunber of 250 g  (0.55 l b . )  c l u s t e r s  i n  s t ra tum.  
l / Z i =  , where Zi i s  t h e  es t imated  weight  of boa t load  i and Z i s  t h e  
expec t ed  Btratum w e i g h t ,  5,000 tons .  
Random Rat io  of Ra t io  of s t d .  e r r o r  R e l a t i v e  e f f i c i e n c y  
v a r i a b l e  means t o  of means t o  S.E.  of v a r i a n c e s  t o  
mean of (5)  of mean (5) v a r i a n c e  of (5) 
s t a t i s t i c s .  Cornputer programs were revi.ewed t o  o b t a i n  b e t t e r  under- 
s t a n d i n g  o f '  c a l c u l a t i o n  p rocedure .  The f o u r  computer programs are 





The AVCCKL program e d i t s  and r e p o r t s  e r r o r s  i n  t h e  d a t a .  The i\LtCI<WT 
c a l c u l a t e s  I.ength-i.iei.ght c u r v e  c o e f f  i.c.ient:s. The A1VCI-ILF 2rcgrsi . l  
comput:es I .ength f requency  d a t a ,  and the Af<CIiO\rY prograrr. c a l c i ~ l a t e s  
san?pl.irig p l a n  s t a t i . s t i c s ,  catc.11 A g e  C C J m p o S ~ t ~ ~ n  estli.mnte.s a r?d  t h e i r  
v a r i a n c e s .  T h e  ANCHOW progxan: was r e v i e t ~ d  in more cic ' iai l  t l l 2 . n  t'nc 
o t h e r s  bccause  i t i s  t h e  s o u r c e  o f  t t lc  c a t  el1 s g e  co i i ipos i~ io l i  s t a t i s t i c s .  
A d e ~ ~ ~ o n s t r a t i o n  e:iaapie of t h e  c a t c h  s g e  conpos i t - ion  s t a t : i s t i . c s  
f o r  t h e  1971-72 c a t c h ,  s t r a t u ~ t i  2 ,  w a s  ;:lailuaIl.y ca l .cu1ated for a?,€! "0" 
u s i n g  the e s t i n a t i o n  ecluati.ous from Sukl ia t~? .~  (1.954). D e t a i i e d  ?ax-- 
c u l a t i o n s  a r e  i.ucluded i n  t h e  nppendix .  These e s t i n t a t e s  a r e  c.orr,- 
p a r e d  w i t h  t h o s e  p rcduced  by  AI.:C:!iOVY end are 110th in::ludsd i r r  the 
appendix .  
A~lc.hovp J3ro&ra:r, l i e s u l t s  
. The manual ly  cal.cul.ated and t i le  ANCJiCSVY ccmputer  prol;ram 
e s t i m a t e s  f o r  t h e  mean n~m1;c.r o f  "0" a g e  fisl-i p e r  c l u s t e r  i.3 strntl lrn I 
and the ET!iN (bct.;?ee.n) boatl.ozds v a r i a n c e  cony;onent v;cl-e the. sane. 
The KITI!LE ( w i t h i n )  boa t_? .oa i s  v a r i s n c e  conpor~eilt: a s  c u t p u t  by  A~2~iCtlO~;"i 
\:as 2.673 tirnc; the r L a n u a i l y  c a l ~ c u l a  t2d  vai-ue.  
?-fanually Anchovy 
Es t i n a t e  c a l c u l a t e d  cornpu t e d  R a t i o  
MEAh' 0.56504 0.56504 1 .000 
BTWN 0.29149 0.29149 1 .000 
WITHIN 0.00493 0.01318 2.673 
The d i f f e r e n c e  between t h e  WITHIN v a r i a n c e  component e s t i m a t e s  
was i n v e s t i g a t e d  and l e d  t o  development o f  e s t i m a t i o n  e q u a t i o n s  a c t u a l l y  
used i n  ANCHOVY. These e q u a t i o n s  were  t h e n  c o r p a r e d  w i t h  t h o s e  from 
Sukhatme (1954) and Tomlinson (1971) .  The outcome was t h e  l o c a t i o n  of 
t h e  e r r o r s  i n  t h e  WITIlIN compone.nt and i n  V"iREST and STDEST components 
c o n t a i n i n g  t h e  WITHIN component. 
The "Standard D e v i a t i o n  For P r o p o r t i o n s "  d o e s  n o t  r e p r e s e n t  a 
v a l i d  s t a t i s t i c ,  a l t h o u g h  t h e  e s t i m a t e d  p r o p o r t i o n  i s  v a l i d .  I n  
a d d i t i o n ,  t h e  e s t i m a t e s  were  d i s c o v e r e d  t o  b e  u n n e c e s s a r i l y  d i v i d e d  by 
a n  ad jus tment  f a c t o r ,  t h e  a v e r a g e  PPES. The a c t u a l  number of c l u s t e r s  
were  d i v i d e d  by t h e  a v e r a g e  PPES t o  g i v e  a n  a d j u s t e d  number of c l u s t e r s  
p e r  s t r a t u m .  The a c t u a l  number of c l u s t e r s  i s  s u f f i c i e n t  as a  m u l t i p l i e r  
of t h e  mean number p e r  c l u s t e r  t o  o b t a i n  t h e  e s t i m a t e d  number of f i s h  
p e r  s t r a t u m  a s  t h e  mean i s  t h e  a d j u s t e d  mean. 
RJCHCHK and A N C H T ,  R e s u l t s  
L~NCHCHK and ANCHWT were  checked f o r  e r r o r s ,  b u t  n o t  ANCHLF. The 
ANCHCHK program e d i t s  and r e p o r t s  e r r o r s .  The program does  n o t  c o r r e c t  
t h e  e r r o r  nor  h i g h l i g h t  t h e  e r r o r  as a n  i t e m  of d a t a  t o  b e  c o r r e c t e d  
b u t  i n c l u d e s  t h e  e r roneous  d a t a  i n  t h e  s t r a t u m  c a l c u l a t i o n s .  For  
example: sample w e i g h t s  shou ld  be  c l o s e  t o  250 g (0 .55  l b . ) .  A sample 
we igh t  n e a r  150 g  (0 .33 l b . )  i s  100 g (0 .22  l b . )  l e s s  t h a n  expec ted  
and t h e  computer program should r e j e c t  t h e  v a l u e  u n t i l  c o r r e c t e d  
(Tab le  6 ) .  
TABLE 6. PJCHCIIR E r r o r  Message 
Samp1.e Nurnber of 
number i n d i v i d u a l s  
Sample wt. 
-
sum i n d .  w t s .  
1 . 0 3  
0.99 
1 . 0 3  
1 .02  
0.99 
1 .00 
1 . 0 1  
0 .61 /-Error e n t r y  shou ld  b e  1 .02 ,  
1 .02  is:  151.2  = 0 .61  
1 . 0 1  247.2 
. and shou1.d be:  
251.2 = 1.02 
-- 
247.2 
1 . 0 1  
The e r r o r  no ted  i n  t h e  AIU'CFICIIK o u t p u t  i s  used i n  t h e  c a l c u l a t i o n s  
of t h e  o t h e r  f oll.owbng computer progrnms , AKCHWI and IINCIICVTi . T h i s  
p a r t i c u l a r  e r r o r  p r o v i d e s  Ah'Clllv'T e r r o r s  i n  t h e  "Sum of we igh t  (g)"  
and "Average weight"  e n t r i e s  ( ' I ab lc  7 ) .  AKCHWT p r o v i d e s  a s t r a t u m  
TkBLE 7.  mCIII:TT S tratil~n Summary 
Samples 1ndividuaI .s  
T o t a l  n u ~ b e r  3  0 4  28 
. Sum of we igh t  (g) 7 6 3 s /  7738.7 
Average weight  (g )  2  5  521 1 8 . 1  
Number on which avera;e 
based (weight  presc  . ~ t )  3 0  4 28 
Average n u ~ h e s  of indi- 
v i d u a l  f i s h  p e r  sample 1 4 . 3  
Weight- length  curve paran?eters  
1/ should be 7738 
- 
2/ shou ld  be  257.9 
- 
These programs were n o t  checked a s  thoroughly  a s  t h e  ANCHOVY 
program, and shou ld  b e  reviewed f o r  adequacy and a p p r o p r i a t e n e s s  a s  
w e l l  a s  e r r o r  d e t e c t i o n  and c o r r e c t i o n  a b i l i t y .  mCHLF should  a l s o  
b e  c a r e f u l l y  reviewed.  
Computer Program A d d i t i o n s  
Seasona l  e s t i m a t e s  a r e  c a l c u l a t e d  manua l ly ,  b u t  i n c o r p o r a t i n g  
t h e  c a l c u l a t i n g  p rocedure  i n t o  t h e  ANCHOVY program should  b e  a 
s imple  t a s k .  I n  a d d i t i a n ,  a h i s t o r i c a l  r e c o r d  by s t r a t u m  and s e a s o n  
shou ld  b e  inc luded  i n  t h e  changes  s o  t h a t  daea  rev iews  f o r  any t i m e  
p e r i o d ,  group of s t r a t a ,  o r  s e a s o n  would be  r e a d i l y  a v a i l a b l e .  
The e q u a t i o n s  f o r  t h e  s e a s o n a l  e s t i m a t e s  f o r  one a t t r i b u t e  are: 
- 
Xh: Mean c l u s t e r  v a l u e  p e r  s t r a t u m  h ;  h = l ,  2 ,  ..., L s t r a t a  p e r  
season .  
Mh: A c t u a l  c l u s t e r s  p e r  s t r a t u m  h.  
M: T o t a l  a c t u a l  c l u s t e r s  p e r  s e a s o n .  
- 
X :  Mean c l u s t e r  v a l u e  p e r  s e a s o n .  
X: Mean number of f i s h  p e r  s e a s o n  ( f o r  one  a t t r i b u t e ) .  
v ( ? ) :  Var iance  of t h e  e s t i m a t e ,  i. 
SUMMARY 
Reducing t h e  Sampling L e v e l  
As t h e  s i z e  of t h e  sample d e c r e a s e d ,  t h e  e s t i m a t e  and s t a n d a r d  
e r r o r  of t h e  e s t i m a t e  i n c r e a s e d  and r e l a t i v e  e f f i c i e n c y  of t h e  
v a r i a n c e  of t h e  s a n p l e  of 30 i n c r e a s e d .  Szmples of 5, 10 ,  and 1 5  
were t h e  o n l y  s i z e s  r u n  i n  t h e  reduced l e v e l  s t u d y .  I r  a p p e a r s  t h a t  
t h e  sampl ing l e v e l  should  n o t  be  reduced t o  less t h a n  20 s a n p 1 . e ~  p e r  
s t r a t u m  t o  i n s u r e  l e s s  v a r i . a b i l i t y  i n  t h e  e s t i v i a t e s  and b e t t e r  r e l a t i v e  
e f f i c i e n c y  t h a n  t h e  s m a l l e r  samp2 .e~ .  
Sampli r~g program c o s t s  and f i s h e r y  revenues  t o  t h e  Department sfiou1.d 
b e  c o n s i d e r e d  in any samplirig cl ia~;gcs.  Sampling c o s t s  and v a r i c n c c s  oil 
t h e  es t i n a t e s  (as several .  are  j.~~vol.vi!d) shou ld  b e  used t o  dctc;:mrir;e 
o p t i ~ u m  sample s i z e s  i n  r e l a t i o n  t o  t h o s c  pa rzmete rs  . These a c  ti.011~ 
should  b e  u n d e r t a k e n  b e f o r e  chapgin8 the sernpling l e v e l .  
Computer P r o g r a z s  
The f o u r  computer p r o g r z n s  sho~!;d be  rt?vi.er,?cd by a cocq)cter!"i. 
psograIamcr t o  detect a n y  Cur ther  e r r o r s .  The next  a c t i o r .  s h o u l d  be 
t h e  c.orrectj .ons t o  s t a t i s t i c a l  ancl e r r o r  checking r o u t i i > c s .  The 
f o l l o w i n g  ad5itiol:s s1ioul.d t h e n  be  made. t:o the AVCBOVY program: 
1. Seasona l  c s t i a ~ a t e s  slid vz.riance.s output: cnpa l . i l . i ty .  
2. Use of AXOVA r o u t i n e  i f  t h e  samp1.c s i z e  remains  suff ic . j .ent .  
3. P r e p a r i n g  a  t a p e  r e c o r d  of a 1 1  t h e  s e a s o n s  t o  c1a.t-e f o r  a 
h i s  t o r  i c a l  ccmpq 01 --' .LSOII.. 
ACRNOLT,EDGb;E1~'I' 
I wi.sh t o  e x p r e s s  nly s i n c e r e  tllc?n:cs t o  Eugene F l e x i n g ,  forncr3.y 
of P e l a g i c  F i s h  I r _ . ~ e s t i g a t i o n s  zr,d now w i t h  the Operatjoric Research 
Branch. M r .  F leming provided d a t a ,  p r o ~ r a r ~ i n e d  t h e  cornpurer r u n s  f o r  
t h e  reciucc d  sample s i z e s ;  and 'answered mczny quc$st ions  a b o u t  t h e  
s a r p l i n g  p r o c s d u r e s  and t h e  a i l c l ~ o ~ y  r e d u c t i o n  f i s h e r y .  
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APPENDIX 
CALCULAT12:G STLITL?/I STATISTICS 
I n t r o d u c t i o n  
The purpose  of t h e  Appendix i s  t o  i a n i l i a r i z e  u s e r s  o f  t h e  s a ~ p l i n g  
p l a n  w i t h  d e t a i l s  of t h e  c a l c u l a t i o n  p rocedures .  C a l c u l a t i o n  of an 
exanlple was o r i g i n a l l y  n e c e s s a r y  t o  develop t h e  e q u a t i c n s  used i n  
t h e  con2ute r  program t o  e s t i m a t e  r e q u i r e d  paranle ters .  I lquat icns  used 
i n  t h i s  e x a n p l e  are t h o s e  of Stil~hatmc (1954) and Tomlinso~l  (1371). 
'MThere d i f f e r e n c e s  e x i s t  berween t h i s  exzmple and t h e  computer 
o u t p u t ,  t h e y  a r e  p r e s e n t e d .  
The d a t a  colunms of  t h e  tabu1ati.011 ,11d c a l c u l a t i o n  pages a r e  
i d e n t i f i e d  b y  a number i n  p a r e n t h e s e s  and a synbol  o r  a t  t.ir:&es a. b r i e f  
t i t l e .  The i d e n t i f i c a t i o i ~  nuinhers a r e  a l s o  used i n  1i .r ; t ing t h e  d a t a  
colulm name and d e f i n f  t i a i  and i.n sonic c a s e s  t o  d e s c r i b e  the co! : lpu t~ t ions .  
Many d a t a  c o l u m ~ s  a r e  g i v e n  t h e  same name o r  s y ~ ~ h o l  a s  they have i.11 t h e  
PXCBOVY program. 
Data  I d s n t i f i c a t i o n  
(I . )  Sample No. : sainple i d e n t i f i c a t i o n  n u ; ~ ~ b e r  i.n t h e  s t r a t  un. 
( 2 )  Boat No. : F i s h  and Game r e g i s t r a t i o n  number. 
(3 )  Date: d a t e  s a r i l ~ l e  was talcen. Sa~i?e b c a t  2nd same d a t e  f o r  zmi-e t h a n  
one saruple imply b o a t l o a d  sam:)led n;ore than oncc.  
(4)  I i s t .  Catch (Zi) : e s t i m a t e d  c a t c h  weight, i n  pouilds, of i - t h  bont l -oad,  
used i n  s e l - e c t i n g  s a q 1 . e .  
(5) A c t u a l  Catch (W.) : . actual .  carcil  w e i g h t ,  i n  p ~ u r ~ d s ,  of: i - t h  b o a t l o a d .  
1 
(6) ACTC'AL/EST. ( Z  : r a t i o  o f  a c t u a l  ve ig l i t  of  i - t h  b o a t l o a d  t o  
e s t i m a t e d  t:eigiit of i - t h  b o a t l o a d .  
(7) PPES (P ) :  p r o b a b i l i t y  p r o p o r t i o n a l  t o  e s t ima ted  s i z e .  This  
i 
f a c t o r  i s  used t o  a d j u s t  t he  sample f o r  t h e  d i f f e r e n c e  between 
expected ( o r  e s t ima ted )  p r o b a b i l i t y  of s e l e c t i o n  and a c t u a l  
p r o b a b i l i t y  of s e l e c t i o n ;  i t  i s  c a l c u l a t e d  a s  fo l lows:  
C :  expected s t r a t u m  weight  (5,000 tons )  
'i : es t imated  weight of i - t h  boa t load  
- 
Z 
i i : expected p r o b a b i l i t y  of s e l e c t i n g  i - t h  boa t load .  -z 
W: a c t u a l  s t r a tum weight  ( a c t u a l  c a t c h ,  pounds) 
'i : a c t u a l  weight of i - t h  boa t load  ' W '  
i W = -  : a c t u a l  p r o b a b i l i t y  of s e l e c t i n g  i - t h  boa t load  
i W  *. 
+ (8) Sample W t :  t h a t  p a r t  of t h e  500 g (1.1 l b )  - E ( e r r o r )  i n  t he  
grab sample o r  sample c l u s t e r  t o  be  processed a s  a  sampling u n i t .  
(9) Discard W t :  t h a t  p a r t  of t h e  grab sample - n o t  processed.  Note: 
Sample /I8 has  an e n t r y  e r r o r .  Values should be 251.21270.2 i n  
(8) and (9) .  
(10) CWT I N D :  sum of t h e  weight  of i n d i v i d u a l  f i s h .  This  weight  i s  
u t i l i z e d  i n  es t imat ion '  c a l c u l a t i o n s  r a t h e r  than (8) o r  (9) va lues .  
(11) FISHISAMPLE: a c t u a l  number of f i s h  i n  sample. 
(12) Rat io :  r a t i o  of sample weight  (8) t o  sum of i n d i v i d u a l  weights  
(10) .  Note va lue  f o r  sample weight.  Th i s  i s  p a r t  of ANCHCK output .  
(13) C i j :  t he  weight ing  f a c t o r  t h a t  a d j u s t s  sample va lue  t o  a  250 g  
(0.55 l b )  s t anda rd .  
(14) PMLTLT: t o t a l  adjustment  f a c t o r  f o r  a  sample va lue .  PMULT = P ' C i i j  
(15) ti: the  number of t imes i - t h  boa t load  was sampled; i = 1,2.. . . .n l .  
n  
C ti = n', where n  i s  the  t o t a l  number of samples p e r  s t r a t u m  and 
i= 1
n l i s  t he  number of s e p a r a t e  boa t loads  sampled pe r  s t r a tum.  
(16) Yi j :  t he  number of f i s h  i n  a  sample posses s ing  t h e  c h a r a c t ' e r i s t i c  
such a s  age,  s e x ,  ma tu r i t y ,  e t c . ,  under s tudy .  
'ij is  t h e  b a s i c  
random v a r i a b l e .  Each c h a r a c t e r i s t i c  i s  computer processed  b e f o r e  
t he  output  is  complete. 
(17) Xij :  ad jus t ed  random v a r i a b l e .  xij Pi ' C  ' Y  - i j  i j  
(18) r[i: average o r  mean of i - t h  boa t load .  
t 
ii = zi  x. . / ti  
j= 1 lJ . 
(19) tiii: t o t a l  number of f i s h  i n  samples from i - t h  boa t load .  
t .  
t = zi X;; 
L L j= 1 'J 
- 2 (20) t , X ,  : term used i n  c a l c u l a t i n g  va r i ance  i n  boa t load  i. 
tix, = X .  . lL/t i  
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